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ABSTRACT

Shipboard repair part allovances are presently coaputed
using the Pleet Logistics Support Iaprovement Prograa which
only considers individual part failure rate data and ship-
board population. TWo 2alternate allowvance detersination
models are evaluated which consider other logistics factors
vher coaputing allowances. One model maximizes repair par*
availabili<y wusing w®marginal analysis techniques and the
other model optimizes system availability. The effective~-
ness of the three different models are compared €£for four
different systeas using the NAVSEA TIGER simulation prograa.
The comparisons show that large improvesents in systes
measures of effectiveness can be achieved using the alterna-
tive model vhich optimizes system availability without any
increase in total investment costs for allowances. The
alterrative marginal analysis model 4did not produce consis-

tently better results over all system configurations than
did the FLSIP model.
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T. LNTBODUCTIIN

The United States Navy presently deterzines repair part
allovwance quantities for mos*t shipboard applications using
procedures established under the Pleet logistics Suppor:
Isprovement Program (referred to as *ha PLSIP aodel}. The
PLSIP amcdel was designed before the development of highly
sophisticated and powerful third and <four:th generation
computer hardware and sof*ware systeas. As a result, in it+s }
allovance coaputations, *he PLSIP aodel considers only
individual parts usage data and the total population of each

part atoard the ship for vhich allowances are bYeing
co?puted. PLSIP was also designed to support systems waich
were amuch less complex and <technologically advanced “han
those being supported in the Navy of the 1980s and 1990s. f
To adjust ¢o changes in ¢echnology, improved methods for
determining shipboard allowance quantities for repair parts
must be Jeveloped. To the extent that these improved
methods can be supported (by coamputer techrnology, data
collection procedures, etc.) t&ey should include
consideration of as ®many of the other factors in <the
logistics environment as possibla. This wonld include
system configuration, ma intenance policy, operational
scenario, supply respon se times, replaceaent times,
component repair times, spares sharing, and the time herizoe
sissicn rrofile. Due to +the escalating costs of repair
parts, the increased emphasis on cast efficient management
in the military and the 1likelihood of increasingly
restrictive cost constraints on inventory levels in the
military, these nev allocation aethods should atteapt to
optimize wvith respect to systea availability for any fixed
cost in inventory investaent.




This paper evaluates tvo shipboard allowance
deteraination models as alterrna+tives *o the PLSIP =model. A
relatively simple marginal analysis aodel is evaluat~d which
considers the marginal increase in repair part availabiliey
to be gained per dollar spent when determining what repair
parts should be alloved., This amocdel requires uni¢ cos* data
in additicn to the data reguired for the FLSIP model, A
much @more coaplex optimization model which <focuses on
maximizing systea availability is also evaluated. In
addition to the data required for the PLSIP aodel, +he
availability model considers equipment uni* cost, equipment
Mean Time To Repair (MT™TR), total budget constrain*, and

system configuration data. These models are discussed in

detail in Chapter III.
Ar amended version of the NAVSEA. TIGER siaulation model

is used to comnpare the effectiveness of each of <the <hree

allovance deteraination models under many different ‘

scenarios. Chapter 1I discusses the capabilities and uses
of the amended TIGER simulator. A complete printou* of <he
anended TIGER programs and specific instructions <for their
use are provided in Appendices B and C. An example of
running each allovance dateraination wmodel on <the TIGER
siaulator is provided in Chapter IV, The results of all +he
cop~yrisons wmade during +his researck are provided in

Chapter V.




II. NAVSEA TIGER SIMOLATION MODEL

A. INTRODUCTION

The TIGER simulation amcdel is a set of programs devel-
oped within NAVSEA to evaluate the perrYormance of cosplex
shiptoard operating systems using various neasures of effec-
tiveness. This model was maodified so that i+ was compatible
with <he ©Naval Postgraduate Schocl computer system in
September 1980 by Leather [Ref. 1]. However, due o a
complete replacement of hardware and par+ial replacement of
sof tware in Deceaber 1980, the model had %*c be further modi-
fied to be compatible with +the new computer systen. all
allovance computations and siaulations were Tun on +he IBM
systes 3033 using the programs in Appendix C. Orce data
inputs were prepared, an allowance coapu*tation and simula-
tion of 1000 missions co2uld be run interactively or a
computer terminal in ¢two to six seconds of cosputer time.
All modifications are included in the programs provided in
Appendix C.

The TIGSR simulation aodel considers ¢he effect of the
following system paranpeters:

- the Mean Time Between Pailures (MTBPF) of the
equipments/conpenents in the system

- the ®TTR of the equipments/componerts in ¢he system

- the interactions between various equipments/components
in the system (as reflected in a reliability block
diagram of the systeas)

- the number of spare par%s avallable to support tke
systea

- the cperating cycle for *the systeam and the various
components of the systen

1"




Befcre running a sys*ea, the appropriate Jata £or <he

above parameters for <tha*t system aus+ be input into <*he
TIGER simula“or as discussed in Appendix B. Mos+ <¢f the
inputs have to be specified exactly, hovever the TIGER simu-
lator will <coampute repair part allowances if <that is
desired. As origirally written, the number of repair parts
agthorized in a sys*em could be specified exactly or a
subroutine could be utilized which would compute repair pacr+
allowances for the systea under PLSIP procedures (which are
utilized by the Navy Stips Parts Control Center to actually
deteruwine repair part allovances for Navy ships). PLSIP
procedures are discussed ia de%tail in Chapter 3, section A.
For this research, two additional subroutines were written
for the TIGER siaulation model so *ha+ repair part allow-
ances for a systeam conld also be computed using “he Marginal
Apalysis model discussed in Chapter 3, section 3 or using
the Availability model 43iscussed in Chapter 3, section C.
The main prograa vas also modified *> accep* spare part unit
costs and total budget constraints 2s input parameters for
these models.

B. TIGER OPERATION

The TIGER simulator utilizes Monte Carlo random nuamber
techniques <to estimate part failure times and +*imes ¢to
repair tased on the assuaption that the tizes between
failares for each part are exponentially distributed with
parameter MTBF and the repair time for each part is exponen~
tially distributed wvith parameter ANTTR. The opera%ing
status of all parts is then observed a*+ all times during %he
simulation to de*ermine when the system is "up" and when it
is waownw, The TIGER siamulator considers the inter-rela-
tionships between “he parts (as specified in *he reliability
block diagraa) ¢o deteraine whether the system is "up" or




S | e ——————rs—— ey
F

"down™. When an acceptable coabination of parts are orera-

tional +hen <he system is consider2d to be ™up", During
those perjods of time whan apn acceptable combination of
parts are nct operational, <+he system is c¢onsidered to be
"down",

The TIGER simulator measures the effectiveness of a
systes using the observed “up® and "dovwn" times for that
systea over a specified number of aissions. The length of
eacn mission is included as an input parameter. The nuaber
of missions sisulated is also specified in the iaput paraze-
ters anxd sust be betveen 50 and 1000 (in increments cf S0).
Systes effectiveness is coaputed in *he following four ways:

1) Bstizsated reliability is “he probability that a
systes will perform satisfactorily during an entire aission.

Number of Mission Pailures f

REL(EST) = 1 = <—omcemecccmccmcocaccccmccccacaaaa
Total Nuasber of Simulated Missions
2) Estinated Instant Availability is ¢the probability
that the system wvwill be in an "up® condition at a specific
point in tinme.
Num ber of Missions Up at Time (%)

AVA INSTANT(BST) = === cecccomcccccmcccamacm e ceeae
¢ ) ™ot al Nuaber of Sissions Simulated

This value 1is calculated at the beginning and end of each
phase sequence. A mission can contain up *o six different
operating scenarios. These are defined as phase sequences.
Por exasple, for sisulating shipboard operations: one phase
can represent in port periods, another can represent norsal
steaning operations, _and a third can represent Dbattle
engagesent periods. The ability to replace parts and the
azount of time a part amust be operational for the equipaen:
to be considered in an "up" status can be varied from one




phase type “0o another. De+tails for doing ¢this are discussed

in Apperdix B under Card Types 7, 10 and 13.

3) Estimated Average Availabili+y is <+he probability
that the system will be ir an "up" condition a« a randlom
point in %iaze.

Sumsation cf Up*time for
All Missiors Simulated
AVA AVERAGE (EST) & ——-=cescmeccccccemcccmmmcccma—c——-
Symmation of Total Yission Calerder
Time for all Missicns Siaulated

4) Zstimated readiness is the probability that <the
systeam will be in an "up" condition at a random point in
¢ime assuming that <*he system stays down for “he remainder

cf each nission af+ter its first failure in +hat mission.

sgymamation of Up*ime for all Missiorns
Simulated {*hrdugh the first failuce

RED (EST) = =m====m-me——=sm=leecea-ll_ooosllooo

Sunmation of Total Mission_ Calender
Time for all Missioas Simulated

Estimated instant availabili+y and estimazed jverage
availability were used to evaluat2 +the <+hree allowance
detezaination models in this research.

C. PECULIARITIES OF USE IN THIS THESIS

Since the objective of this research was to measure %he
relative effectiveness of *hree diffarent repair parc+t allow-

ance determination policies, many of <he parameters in the
TIGER simulator which could have been varied were no<«. The
follovwing 4input parameters were held constant <throughout
this research.




1. Timeline phases. Scenarios can be specified where
reliability block diagraams change during different phases of
the mission timeframe being simulacei. Por the purposes of
this study, only one phase vas used for all simulations
which lasted the entire length of each mission.

2. Bean Time To Repaire. MTTR vwas established as one
hour for all equipments.

k IS Allowvable Downtime. Equipments can be allowed to
fail for a certain length of time without causing the system
to fail regardless of thair position in the reliability
block diagram by having spacified allowable down“inmes. The
allovable downtizes for all equipments used in +this tresearch
vere set to zero.

4, Three Levels of Repair Pacts Support. Additional
support from repair —fparts located at an intermediate level
supply activity (ie. a da2stroyer tender) and a+ a depot
level supply activity (ie. a Naval Supply Center) can be
simulated. Hovever, since the obiective of this research
vas to evaluate ¢the effectiveness of shipboard allowances,
i* was assumed that 1o support could be obtained from
intermediate or depot level activities during <the 90 day
mission involved.

D. TIGER OUTPUT

The TIGER simsulator produces both standard and cpticnal
out puts. The various options are 3discussed in Appendix 38
ander the Printout Option Card. The op+tional output used
for thie research was the 2anagement suamary printout. I+
first Adisplays most of the user's input, <%the allowance
deteraination model used to compute repair part allowvances
(if one was used), and the numaber of repair parts being
used.

15
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The TIG®R sigulatcr then prints a message 2very time <he
system goes down indicating which components aze down and
vhen they will come back up. Since <this portion of the
output wvas voluminous and not useful for analysis during
this research, it was suppressed.

Next the TIGER simulator prints the cumulative measures
of effectiveness for the system after each group of 50
missions has been siaulataed. Since this portion of the
output vas voluminous and not useful until all simulations
vere completeqd, it was suppressed until the last amission
simulaticn was coapleted.

The TIGER simulator then produces tables which suammarize
data about specific equipsent failures, the nuaber of repair
parts used, and critical equipaents.

Bxaaples of <the various outputs produced by <*he TIGER
prograss are provided in Appendix D. A detailed explanation ,
of these outputs is provided in Reference 4. ff

16
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III. ALLOWANCE DETZRMINATION POLICIES

A. PLEET LOGISTICS SUPPORT IMPROVENENT PROGRAM (PLSIP)
CONCEPT

The PLSIP concept is presently used by the Ship's Parts
Control Center (SPCC) ¢*o deteraine repair part allowvances
for most shipboard applications. I+ requires two ircputs.
Pirst, +*he average usage rate (on an annuoal basis) aust be
known for 2ach cepair vart. This 4is denoted as the Best
Replacement Pactor (BRP). Since aost initial usaje daxa .
available to the Navy is in the fora of NTBF data, it must L
be converted for use in the PLSIP aodel. Since MTBP is !
neasured in hour units and BRPFP is measured in aanual anits,
the hourly MTBP Jdata must be divided into 8760 (the number
of hours in a 365 day year) to get a BRF figure. The

foraula for conversion is: #
8769
BRP = -—-=-=
NTBP

Second, the to*al number of times each repair part is
installed in the various egquipments aboard the ship must be
known. This 4is known as the shipboard population (POP).
These twc numbers are then uasultiplied to get the expected
nuaber of failures for each part aboard that ship in a one
year period of time. * This is <*aken as the mean for each
pact.

mean annual demand = BRP X POP )




TancTing minimum reonlacamen* aniss, =achniczl ~verides,

etc., the shipboard allowances for each repair part are +«hen
deterained as follows.

1. If *he mean annual demzand for a part is greater O
+ban or egual to 1.0, the shipboard allowvances will ]
be based on anticipated desand. The allowvance will 4

te set equal to the miniaum number of spares that
will provide at 1lsast a 90% probability that actual
demand for the part during 3 90 day period will rnot
exceed the allowance Juantitvy (assumisg a Poisson ;
distribution of demand).

2. If the mwmean annual demand for a repair part is
greater than or equal to .25 but less than 1.0, +he
shipboard allovance will be se* to one. These allow-
ances are insurance items. (.25 is the insurance f'
item cut point - also known as the FLSIP cut point.)
Several years ago, as a result of fuading presurss,
this cut point was adjus~ed up from .15 to raduce the
number of insurance items allowved. It can be
adjusted up or down to provide more or less insurance
protection for certain types of ships but the aain
emphasis in this paper will be with the .25 level.

3. If the mean annual demand for a part is less than
«25 (or other specified cut poiat), no shipboard
allovance will be established.

Punding constraints for shipboard repair parts can be
accoanodated by increasing the PLSIP cut point as discussed
above. Aovever, since almost all the parts used in the
systess being evaluated for this paper vere assumed +to bde

19




high failure rate parts, a change of ¢h2 PLSIP cu* pcin< has
little effect on the value of parts required to suppor*
those systeas. This is due to ¢the fact that nost of <the
means vere greater than 1.0 so the allowvances wera based on
demand and adequate repair parts were alloved to 1mee* ¢he
90% issue criteria regardless of <+he insurance iteam (PLSIP)
cut point. Even if the cut point were changed from .25 (ie.
one demand every 4 years) <+o 1.0 (ie. ore demand every
year), the PLSIP coaputed allovances would exceed the budget
constraints desired in most cases considered in this thesis.

Note: A study conducted by the Center Por Naval Analysis
(Ref., 2] has recommended the following changes to the PLSIP
nodel:

a. Items supporting squipments essential ¢o a primary
mission of the ship would be identified and the
insurance item stockage threshold for these iteams
would be lowared to .10 (one uanit demanded in 10
years), and

b. High demand insurance iteas would te stocked in
insurance quantities of “wo each instead of one
each as is nov done.

This revised PLSIP model was not considered in this
research.

Since changing the PLSIP cut point wvas not considered to
be an effective vay to constrain expenditures for the PLSIP
sodel for the systeams analyzed for this paper, the avail-
ability objective of the model was varied instead. By
varying the availability objective, a budget constraint
could effectively be introduced into the PLSIP model. To do
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+his, *he probabili®y of 15%* being ou+r of stock in +he PLSI?
sodel vwas alloved to decrsase until a low erough probability
was reached ¢to allow a set of PLSIP allovances to be
computed within a specified budget zonstraint. The speci-
fied availability started at 90% and was decreased ia iacre-
sents of S%. At each increaent, PLSIP allovances vera
determined using the decreased probability and the cost of
the repair parts was cosputed. If the total cost of repair
; parts was less than the funding constraint specified, <then
: that PLSIP repair parts list wvas used. If the cost exceeded
the funding constraint, that repair parts list was discardeid

[ SO

/ and another set of PLSIP allovances were de*ermined using a )
5% lower specified availabiliey. This procedure 1is |
illustrated on Table I.

Note that some of the different availability levels have
the saame allovance costs. This is *rue because they have
the same allovance levels. Differant availability levels
can have the same allovance levels hecause revair part
allovances do not change 1linearly with availability levels.
Since repair parts must change in increments of one, *“he
change in expected availability may decrease substantially
by deleting one part, Por example, if a part has an MTBF of

1720 hours, the probability of having no demands in a 90 day
period is 28%. So protec tion levels between zero and 28%
can be obtained without carrying any spares. If, on %he
other hand, one spare is carried, a protection level of 64%
is obtained. So protection levels hetween 29% and 64% all
f require that one spare be carried. For the program written
for this research, that means that protection levels of 60%,
558, S50%, 45%, 40X, 35% and 30% would all require an allow-
ance of one. Not until the required availability 1level
reached 25% would there be 2 change 4in the allowance for
this pare.
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Use ¢f£ ¢he Availabili<y Jbjective in the .25 PLSIP Model

The avai bi‘lt objective is varied in the .25 PLSIP model
to_facilitate e computation of allowances within specified
rudget cc nstra;n*s. he use of the availabili+y objec+tive
for this purpose is demonstrated vwith the following systen.
HE&N .
Part ANNUAL Unit
Number MTBF pop DEMAND Cos*
29 .34 150Q.
) 1288 ] s:di 129033
3 750 1 11.68 152.00
4 750 1 11.68 153.00
5 1500 1 5.84 154.00
6 7500 1 1.17 155.00
7 7500 1 1.17 156.00
8 2500 1 3.40 157.00
FPor this system, unconstrained .25 PLSIP allowapnces vould
cost § 058!00 a$ shewn on the 90% ava ilabglity 17na nelow.
To determ*ne the allowances when the fund-ag is constraired
75% of the fully funded costs (ie. 2293.50), “he =2merdeqd
TIGER PLSIP procedire is:
1st: Se+_the high limi* for “he zonstraiped lovance
+o 5% highg than the sgecifged izuzt {%%e hi ﬁ s
limit hefe is $2293.50 1,95 = $2408.18). This
is done to ensure that optimal combinations just
Just slightly above the sgecxfzed budge+ con-
Straint vill "be considered.
2nd: Compute spares reguired £9r various availabiliesy
objgctlve (star gng a* 90% and go§ng down 3} as* a
time) until a set of spares is found which H:ll be
less than *he budget 1limi+t high as shown below,
< Number of Repair Parts
AVAIL Part Pare Part Par* Part Part Par+t Parc+
OBJECT Ccos?T #1 $2 %3 #5 *6 #7 48
90 $3058 1 3 3 1 1 1
85 3058 1 3 g g 3 1 1 1
80 2448 1 2 4 2 1 1 1
15 2048 1 2 4 1) 2 1 1 )]
7g 2448 1 2 4 4 2 1 1 1
6 2143 1 2 3 3 2 1 1 1
Since $2143 is less than $2608, tha2 repair par*s compu*ed
a+ the 65% availabi %ity ob;gctive will be used as zhe
allovances for the 75% fund ing level,
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8. MARGINJL ANALYSIS CONCEPT

One of the deficiencies of the PLSIP model as now used
is that it ignores the cost of the spare parts in its compu-
tations and in the decision process. The PLSIP model is
also very limited in its ability to adjust to funding const-
raints because this is presently only done by adjusting the
insurance cut point. This can result in *he inefficien*
allocation of budget dollars due to variances in “he rela-
tionships between <the unit costs and the reliabilities of
the various repair parts. The marginal analysis concep*, on
the other hand, does consider <the cost of the individual
items and is designed to accomodate a budget constraint on
the total asount of dollars available for spare parts.
There are many different possible aarginal analysis poli-
cies. The one evaluated in *his paper selects tha* combina-
tion of parts (for a given set of parts) tha*t will provide
the bhighest total parts availability €or a given decllar
value constraint. Pour inputs are required for this
concept. The folloving three inputs must be known for each
part: MTBP, <otal number of parts in the system, and %the
uri+ cost. In addition, a total dollar value constrain: for
the repair parts allowanca must be known. The shipboard
repair par+t allovances are then dJdeterained by stepwise
adding an additional spare £for +that item showing <the
greatest increase in probability of a £fill per dollar spent.
The incremental improvement in the probability of a fill is
the Jdifference

< <
Pi(Xi = x) - Pi(XL = x-1) ,

wvhere x 1is the nusber of spares of item i and Xi 4is the
demand for spares of item 1i. This turns out to be
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identically equal to the probability of a demand for =zxac+tly
X spares or pi(x) = P(Xi=x). The policy is illustrated with
a simple exaaple involving only the three par*s shown in
Pigure 3.1.

Part Mean 90 .

Naasber 3TBP pPop Day Deaaad Unit Cost
1 1720 1 1. 26 $ 200.00
2 1729 1 1.26 50.900
3 3000 1 « 72 100.00

Pigare 3.1 BExasple Systeam for Narginal Analysis Model

Step 1. Firse, we want +to determine the marginal
benefit (in probability of £filling demands) of adding a
single spare of sach item. Por our example:

p1(1)=.35638142 p2(1=.35634142 p3(1)=.3518585

Step 2. Then for each part, we determine the marginal
benefit to cost ratios by dividing the values in step 1 by
the unit cost of the part. PFor our sxasmple:

109 2(1 31
P20, 0017817 B2ID. Loomzes 2281 . Loo3stes
c1 c2 c3

The resulting value is the wmarginal benefit per Jdollar
invested of adding cne of each of the parts,

Step 3. The part with the highest ratio calculated in
step nusber 2 is assigned a single spare. Por oar exaaple,




the par+ with ¢the highest marginal availability is vpar<« F
nuaber 2.

Step 4. The total cost of all assigned repair parts is
then cospared to the budget constraiat. Por our exaaple,
the current total cost of assigned repair par*s is $50.00 as i
shown in FPigure 3.2. If the constraint has been reached or
exceeded, the coaputations are concluded with the parcts

allowances assigned to *hat point. If the budget constraint
has not heen reached, the model continues on to step 5.

Par+t
Number Allovance Unit Cost Total Cos*
-0- €200.00 -0~
2 1 50.00 50.00
3 -0- 100. 00 -0-
Total Costs $50.00

* Pigure 3.2 Total Costs of Allowances Assigned After Pirst
Iteration

Step S. A revised amarginal availability is calculated
for the part which was assigned an allovance in step 3. One

additional spare is now considered for <that part and the
probability of that wmany desands in a 90 day period is ﬂ
calculated. For our exaample, the revised wmarginal

availability for part number 2 is p2(2) = .22701228. The
nev amarginal benefit to cocst rate for this item is then
computed by dividing the revised marginal availability o¢
the itea by its unit cost. Por our exaaple:

p2(2) «22701228

c2 50
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Tha mcdel %hen brings along <he iInfsrma+=icn fzcm step 2 fcr
those items not selected for an ifcrease iz spares ir step 3
and repeats the c.ae type o2f comparison as was done in step
3. Por cur exaample, *he benefit zo cost rates are now:

11 2(2 3

The next spare will again be assigned to par* number 2 since
i+ s*till shows the maximum rate.

The above process con-inues un+il the specified budge+
gonstraint is reached.

C. AVAILABILITY CONCEPT

The availability of equipments and systems afloat are a
function of mwmany factors as discussed in Chapter 1. One
veakness of both <the PLSIP and Marginal Analysis models is
tha+ neither of them considers many 5f those factors. They,
in essence, 1ignore many operational issues which should be
considered By a model of this .type to be as accura%*z as
possible. Another weakness of both of those models is <ha<
the measure of effectiveness f£or the systam is 20t sys=en
related and consequently, one canno- relate <Iescurces %o
readiness (ie. sys+*em availabilicy). Man Won Jee {Ref. 3:
ch. 4], developa2d a mathamaetical acdel for computing repair
part allowances to support any given systen. The acdel
optimizes the ins ant operational availability of a systen
for any given budgetary cons*rint. This is referred <o as
the Availability model. The Availability model improves
apon botk the PLSIP arni Sarginal Analysis wmodels by
including several more of the pertinent operational factors.
Those factors included in the Availabili+y model which are
not considered in either of the other models aze *he Mean
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Time To Kepair (replace) 2 comporent and a ccnsilera+ticn of
the interactions between <*he various components 3in +the
systen. Like the Marginal Analysis =aodel, the Availability
model also considers the unit cost 52f e2ach repair part and
the total budge* constraint on the repair parts allowed. 1In
addi¢ion, the Availability model improves upon ¢he PLSIP and
Marginal Analysis models by relating resource uriliza*ion %o
cptimsizing systema availability which is <+¢he measure of
effectiveness,

Por a single coaponen* systes, Jee showed *that <the
availability after ¢+ units of time of a component having a
spares is giver by

A(n) - A(n'U () —

t) + ((£ % q) * P
( ( g *)

where £ () is the probabili«y densi<y of coamponen+
lifetimes, g(t) is *he probability density of
replacement <times, ?}t] = P(? = +) and (£8q)
represents *he k-fold convolution of f and g.

Jee further showed that for the special case in which
- (lambda) (%)
£(t) = ((lambda) (e)) sand

- (nu} (*
g(t) = ((nu)(e)) (o (%) :

the marginal ccntribution that ¢he nth spare provides ¢o

system availability is:
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The above formula is raeaferred to as the JEB ¢£oraala
throughout +his paper. All systems analyzed irn this paper
vere assumed to have parts with exponentially distributed
times Letveen failures and replaceaent <+¢imes so “he JEE
formula is used for all calculations. An example of *he
results cf using the JBE formula to ieteraine the contribu-
tion to systea sarginal availability of individual spares is
shown in Table II. A paximsum of 9 spares for a given par+
are allowed wvhen using the J3E foramula in 4“he amended TIGER
sodel vritten for this research effort.

Jee then dJdeveloped a repair parts allocation algoritha
that utilizes the JEE formula to optiaize the instaant opera-
tional availability of a system by efficiently allocating
the nuaber of spares for e2ach coapoaent in a "k" coaponent
systes [Ref. 3: ch. 6]« The algorithm he developed is basi-
cally a dynamic prograam which is then used to deteramine the
most efficient combication of repair parts for each budget
amount.
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The sample system shown in Table II will be used to
illustrate how the JEPR algorithm works. Part aumbers 2 and
3 wvill be used as the first tvo dynanmic programming stages

in our illustration. The stage returns from the first +tvo
stages are simply the results of initially calculating the
margiral contributions of repair parts 2 and 3 using “he JEE
formula as shown in Table I1I. These stage returns are <hen
asseabled into the matrix shown on Table III so that a
sequence of asaximum returns from <he combination of these
tvo s*ages can be calculated.
The JEE algoritha always starts in the upper left hand
corner of the matrix because that is the miniaum cost combi-
nation for <+the tvo stages being considered. This 4is *he
first undominated combination on the matrix. The algoritha
deteraines the cost and system availability of using the
combipation of repair parts specified at that Junction in
the matrix. The cost is calculated by simply costing out /
the repair parts specified at that point. The calculation f
cf the resulting system availabilit*y depends upon whether
the parts are operating in series or in oparallel. If the
parts are in series, the system availability is:

AVAIL = AVAIL % AVAIL .
sys 1 2

If the parts are in parallal, the systea availability is:

AVAIL = 1= (1- AVAIL ) & ( 1- AVAIL) .
sys 1 2

Parts 2 and 3 shown on Table 1II are in parallel and %he
results of the above calculations f£or the first undoninated
comabination in ¢the matrix on Table III are a cost of $0.0
and an availability of .8199. The same calculations are
then made for other pertinent blocks in the wmatrix. Por
example, the cost of combining three spares for part nuaber
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2 with +three spares for part number “hree is $909 and the
resulting availability for this same combination is .9999.
The calculations do not have to be made for all combinations
as discussed in detail by Jee [Ref. 3: ch. 6].

Next, the JEE algoritha finds that coabination in *he
matrix which has a combined cost 1less than any other combi-
nation with a system availabili¢y larger than that of the
previcus undoainated coambination. That combination is the
pext optimal combination in the nmatrix. This process is

P hemas e M

repeated until all undominated <coabinations on the matrix
have been identified (a maaximua of 99 undosminated combina-
tions can be processed using the amended TIGER model writ<en
for this research effort). The first 8 undominated combina-
tions are indicated on Table ITI. The optimal repair parts {
allocation at any dollar level can be identified by simply :
following the arrows on <the matrix until <the specified j
dollar level is found. Por example, on Table III, a combi-
nation of three spares for part #2 and zero spares for part ‘
#3 would be optimal fcr budget 1levels between $453 and $603
vhile a combination of four spares for part #2 and zero
spares fcr part #3 vould be optimal for a budget level of
$604.

The undominated combinations from <%he matrix in Table
III are the returns from stage 3, These returns are then
combined with the cost and availability data for <+the par*
(or combination of parts) in the nex: stage of the systea.
In Table IV, the undoasinated cosbinations from Table III are
combined with “he costs and availabilities for part 3 from
Table IX. As discussed on Table II, these parts are assuaed
to be 1in series. The resulting first eight undominated 1
coabinations are shown on Table IV. As can be observed from
Table IV, a combination of & spares for part #1, 1 spare for
part 42, and 0 spares for part #3 is optimal for budget
levels betveen $751 and $900, etc.

3




T ABLE IV

JEE Algorithm Matrix =

Part
Nusbers

1

3,0 4,0 3 1
453 6d4 g
.9985 .9989 .999

R DD D D W D " Y > - - -

(4

Y-8 §)
ECn
-ANO

0 ‘1;g3 %8% 8453 604 7SS
1. 3438 83
2 .6382 3%
3 .8428 338
600 902
4 .9276 221
5 . 9638 34
900
6 .9844 9786
7383 .9829

* The top and sidc rows in the matrix show the number
ga f he tcotal of their uni+ costs and and the
vai b ify contribution of each of the parts
ndicate f gu ers ig the %atrix shgu the %total
costs and result ng ava*labl ties from comabining the
nuabers of spares indicated

This comsbining of satrices is continued until all the
parts in the system are iancluded in one of the two axes of
the final matrix. Then the optimal coabination of repair
parts can be identified for any dollar level by looking a*
the undcsinated allocations for that matrix.
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Iv. EXAMPLE QF EACH ALLOWANCE DETERMINATION HODSL

! A. INTRCDUCTION

The TIGER programs in Appendix C automatically compute
repair part allowarces and run siaulations asing those
r allowances under +*he operating scrnarios svecified ir the
| input data. The output produced are in three sections:

1) the input deck printout;
2) the allowance cosputation outpat; and
3) the simulation output. !

The input deck printout and simulation output have the same

format for all three allovance deteraination aodels and are
explained in detail in Refarence 4, section 4. The allow-
ance coaputation ou*put was added for this research effor+
and is different for each of <+the allowance determination
nodels. The allowvance computation ousputs are discussed in
detail in this chapter. Comparisons betwveen the effactive-
ness of the three allowance determination models are aade in
: Chapter 5.

| The systea shown in Pigure 4.1 will be used to demons-
trate the processing of each allowance determination model.
Bach of the eight parts are assumed to be unigue and hava
the unit prices and MTBPs shown. The allowances being
develcped are to sustain operations for 90 days. The format
in which the data is input into the prograams in Appendix C
is discussed in detail in Appendix B.
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ITEN NUMBER MTBP (hours) UONIT COST

1 25000 150.90
2 1280 151.00
3 750 152.00
4 750 153.00
S 1500 154.00
6 7500 155.00
7 7500 156.020
8 2500 157.00

Pigure 4.1 Exasple Systenm

B. EXAMPLE OP AN OUNCONSTRAINED .25 FPLSIP MODEL

Table V is the allowance computation ocutput <£or an
unconstrained .25 PLSIP model allowance for the system in
Pigure 4.1. Por an unconstrained PFLSIP allowvance, the
budget specified aust be large enough +to ensure that all
insurance itess will have an allowvance equal 40 one and tha+
all demand based iteas will have an allowance adequate to
satisfy 90% of all expected demands during a 90 day period
as discussed in Chapter 3, section A.

The first line of output shown is the budget constraint
being used. This is shown after the 1letters "BOUDA"™ which
stand for “3udget-High Liait®. In our example, the budget
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constraint is £10,408,.95, This is 3% aigher =han <he actyal
budge+ constraint of $10,000 which was input. A 5% flexi-
bility in the budge* constraint was selected to ensure that
any FLSIP computations that would b2 just slightly over the
constraint specified would s+till be used for comparison
pur poses. This was done to ensure the PLSIP acdel compares
as favorably as pcssible.

TABLE V

PLSIP EBxaample: Allowvance Computation Output

BUDH 10498,95

SPARES EEING COMPUTED USING FLSIP
IAVAIL = 0.9000

IsUx = 3058.00

SPARES

s
o)
L]
(¢ ]
[}

SHI?® TE NDER BA

I
1
3
5
S
3
1
1
1

ONONEWIN =
[olelolololales ol
[SleTelololelelal;]
[YolVeIValValValVolValVel, ]
[V+1Va 1V IVeIVe IVo IV, [Va ). 3
\D\D\D\D\D\D‘D\Da
RN
OQQOOOOO0O0
[elalelelelolelel ]

The next two 1lines of output specify +hat the PLSIP
model is being used and wvhat availability probability was
used %0 determine +*he .25 PLSIP allowances. All computa-
tions start at the 90%X level (ie-computations produce allow-
ances adequate to provide a 90% probability that the ship
vill have as asany repair parts as demands for repair parts
during any given 90 day period of time).

The fourth line of output is the total cost of all
allovances required to satisfy <the probability level previ-
ously specified. This ccst is shown af*er the 1letters
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nYanun, TE XS is less =han oT 2712l *o RMDA, Lhan Lua

b4

repair parts computed during that step will be used as the
repair parts for this model. If XSUM is greater +than B30DH,
then the probability leval will be r2duced bty S% and another
set of repair parts will be computed. In our exaaple, XSUM
for the 90K probability level is $3058.00 which is less than
the budget limit of $10498.95 so the repair parts computed
for this level are used.

The naumber of spare parts are <*he las¢ thing shown on
this part of the output page. In our exaaple, item nuabers
{spares *ype) 1,6,7 and 3 are each assigned one shiphoari
spare, itenm numbers 2 and S5 are cach assigned *hree ship-
board spares and item numbers 3 and 4 are each assigned five i

shipbcard spares.

Por this research, it was assumed that no support could
be received from sources other than the shipboard allowances
S0 no spares are assigned to the tender or base levels of
supply. The 999.00 in the "PACTOR" columnr indicates that
the allowances shown vere determined by the program instead
cf specified so the 999.00 should be ignored. When spares
are specified, +*he nuaber in this c¢olumn is a spares amulti-
plier wvhich is explained fully in Appendix B under Card Type
18.

C. EXAMELE OF A 100% FUNDED MARGINAL ANALYSIS HODEL

When the Marginal Analysis model uses the total costs of
an vnconstrained .25 PLSIP model allowvance as the budget
constraint, it is referred to as a 100% funded Marginal
Aralysis model. Por the system in Pigqure 4.1, the cost of
the allowvances computed using <the unconstrained .25 PLSIP
nodel wvere $3058.00; so $3058.00 will be used as *the budget
constraint for the 100% funded aarginal analysis aodel
processing for that systea.
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TABLE VI

Marginal Analysis Exasple: Allowance Determination Outpu*

SPARES WILL BE DETERMINED WITH MARGINAL ANALYSIS
E BUDGET IS 3058.

THE COST OF ITEA 1 1Is 150, 00
THE CCST OF ITEN 2 1S 151.00 .
THE COST OP ITEN 3 1s 152.00 ‘
THE COST OF ITEN 8 IS 153.00 i
THE COST OF ITEN 5 IS 154. 00
THE CCST OF ITEN 6 IS 155. 00 ;
THE COST OF ITEN 7 IS 156. 00 '
THE COST OF ITEN 8 IS 157.00
ALL SPARES HAVE BEEN COMPUTED
SPARE YPE BIP ENDER B
Sy smp TmoR sk £35708

2 3 0 0 999.00

3 5 0 9 3999.00

4 4 0 0 999.00

5 3 0 0 999,00

6 1 0 ) 999,00

7 1 0 9 994,00

8 2 0 0 999_.00

The allowance coaputation outputs for a Marginal
Analysis allovance determination modal are different from
those for the PLSIP mocdel as shown on Table VI. The first
line of output for the Marginal Analysis model is the state-
ment that spares are deteormined using Marginal Analysis.
The budget constraint and unit cost of each item are then
printed as well as a statement indicating that all allow-
ances have been computed. The allowance quantities are
printed last. Por the marginal analysis model, item nuabers
6 and 7 are sach assigned cne spare, itea naamber 8 |is
assigned tvo spares, item numbers 2 and 5 are each assigned
three spares, ites nusber 4 is assigned four spares, item 3
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is assigned €five s

w3

272

[V

and i+em number Y iz -~n* assigrned
any spares. Yote the diffarences in the 21llowvances compu<ed
using the PLSIP and Marginal Analysis models. The “o%al
cost of the allovances determined by tha Marginal Analysis
szod 2] are only $2912.00 comparzd %to $3058.00 £for the FLSIP
model because the next most cost effactive rpart would have
made the total inves*ment in the Marginal Analysis model
higher <+han that of the PLSIP mod=1l. Since *he sys+tenm
presently ia use is the PILSIP sys-eam, all unavoidable
advan*aqges in coamparisons were given to *he PLSIP systen.

D. EXAMPLE OF A 100% PONDSD AVAYLABILITY MODZL

When “he Availability model also uses the *otal costs o€
an unconstrained .25 PLSIP wmodel allowance as the buldget
constraint, <then the Availability model is referred *c as 2
100% funded Availability model.

The allowance coaputa*ion outputs for the Availability
allowance deteraination model ar= different €rom +he other
sodels as shown on Table VII. Tha first line 2f output for
+he Availability =model is *he s%atement tha+t spares were
compu*ted using the JZE formula. JTIME and TOTSPR are simply
printouts of the input data on <the JEZB Data card. JTINE
equals *he number of hours siaulated (90 days X 24 hcurs)
and TOTSPR is the maximum number of spares which can be
considered for any one rapair par+; for this example *he
TOTSPR used was 9. The availability matrix for each spare
is *hen conmputed. After the availability satrix for the
last spare has been printed, the outpu® will indicate that
the JEE algoritha has been entared.

Table VII shows *he optimal allowances for the 100%
funded availability model <for the systea in Figure 4.1,
Iten nuambers 1,6 and 7 are each assigned two spares, item
nuaber 8 is assigned four spares, item numbers 2 and S are
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Mcdel: Allowance Determination Outpu
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each assigned five spares, and item numbers 3 2nd 4 are no~
assigned any spares.

If an optiral combination of spares can be determined by
the algoritha, the last output will show the quantities of
spares ceaputed. However, there are two reasons why *the
computation of an optimal coambination of spares w@may no* be
possible. First, the prograam can handle a paximus of only 9
spares for any given repair par:. So, if the op*imal solu-
tion has any repair parts wi*h more than 9 spares, i* cannct
be coamputed. Second, the maximum nuaber of undcairated
combinations which can be handled by the program is 99 and,
if maore than 99 undominatad coambirations are required in any
matrix to <reach the dJesired budget constraint, <+hen the

optimal solution can:t :t be coamputel. If this condition
exists, the ocutput will print: T“OPTIMAL SOLUTION CANNOT B2
COMPUTED®. Even though an op*imal solution cannot be

computed, a set of spare parts will be genera*ed and
printed. It should be rememberad however that these
allovances are not optimal.

E. BUDGET CONSTRAINED EXAMPLES

Any dollar asount can be used as a budget constraint for
the three allowance deteraination aodels. The PLSIP model
vill not compute allowances any higher than required %“o meet
i«s insurance and availability objectives and therefore may
not use all funds available. The marginral analysis and
availability models will keep assiyning spares until +he
budget constraint is reached.

FPor *his research effort, <the performance of the mcdels
was observed at budget constraints which were less than
necessary *o provide fully funded .25 PLSIP allovances.
Bxamples are provided below for the allowance computation
cutputs for the three aodels using a budget constraint equal
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to 75% of the costs 0f an unconstrained .25 PLSIP allowance
for the system in Pigure 4. 1. The 75% budge* constraint is
equal to $2295.00.

The allowance computation outputs for the 75% funded .25
FPLSIP model are shewn on Table VIII. The program had to
compute allovances at six differen® availability 1levels
before it found one that would produce allowances costing
less than the budget constraint (see Chapter 3, section A,
for an explanmation of this process). At the 90% and 85%
availability 1levels, the allowanc2s compu*ted would cost
$3058.00, and at the 80%, 75%, and 70% availability levels,
the allcwances computed wouldl cost $2448.00. Different
availability levels can have the same costs as discussed in
detail in Chapter 3, section A. A1l of <+hese allowance
alternatives are nore costly than +*he allowed budget. Not
until the computation of “he 65% availability level is an
allowance combination reached (costing $2143.00) which is
less than the budget constraint. The coabination of repair
parts ccmpu*ed as the 65% allowance level is then wused in
the TIGER siaulation program to computa availabilities.

The allowance compu*ation outputs for +the 75% funded
Marginal Analysis @model are shown on Table IX. The only
dif ferences in the output for the 75% funded model and +he
100K fund2d model (Table VI) are the budget constraint used
and the allowances specifiad. The printout for the marginal
analysis model does not show the different steps the progranm
is going through to deteraine the allowances as dces “he .25
FISIP aodel. fAovever, the constrained rTuns do produce
different allovances as can be seen by comparing Tables VI
and IX. The 75% funded allowances have one additioral spare
for i<es number 1 but have one less spare for item numbers
2, 3, 4, 5 and 8.
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TABLE VIII

FLSIP Example(75% funding) : Allowance Deternination Outpu<

BUDE 2409.7S
SPARES BEING COMPUTED USING FLSIP
IAVAIL = 0.9000
XsoM = 3058.00
XAVAIL = 0.8500
IsUn = 3058.00
ZAVAIL = 0.8000
xson = 268u48.00
XAVAIL = 0.7S500
isgn = 2648.00
XAVAIL = 0.7000
1SoN = 20438.00
XAVAIL = (0.0500
XSOM = 2143.00

PLSIP ALLOWS CONSTRAINED BY BUDGET, XAVAIL=.650000
SPARES TYPE SAHIP TERD BASE T
1 i g 3 545785
% Q 0 999.88
0 ) 999,
L 3 0 Q 299.00
5 2 0 0 999.00
6 1 Q 0 999.00
7 1 0 Q 995.00
8 1 0 0 $95.G0

The allowance computation outpuats for the 75% funded

Availability model are shown on Table X. The outputs are

the same as for the 100% funded Availability wmodel (Table

vII) except for the allowances Jeternined. Like *he
43
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T ABLE IX

75% Punded !arginal Analysis Exangle: Allovance
etermination Outpu

SPARES WILL BE DETERMINED WITH MARGINAL ANALYSIS
BODGET IS 2295.

THE COST OF ITEN 1 1Is 150. 00
THE COST OP ITEM 2 Is 151.00
THE COST OF ITENM 3 Is 152.00
THE COST OF ITENM 4 1Is 153.00
THE COST OF ITENM 5 Is 154,00
THE CCST OF ITEH 6 IS 155.00
THE COST OP ITEM 7 1s 156.00
THE COST OF ITEN 8 IS 157. 00

ALL SPARES HAVE BEEN COMPUTED

SPARES %!PB SH%P TENDSR BA%B 538?88 )
2 2 0 0 399,00 s
H 3 3 3 33999 '
5 2 0 9 9949.0C
6 1 0 0 999,00
7 1 0 0 399.00 )
8 1 0 0 999,00

Marginal Analysis w@cdel, <the Availability model does not
show the different steps the program is going <through %o

deteraine the allowances.
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V. [EVALUATION AND COMPABISON QF

5]
‘:n

g

3
18
Itw
=
n

A. SYSTEMS USED POR EVALUATION

The four systems shown on Pigures 5.1 <through 5.4 wers
used to evaluate the three allowance determination models.
The systems were selected “o illustrate +he relative effec~-
tiveness of the models in situations where the degree of ]
designed-in systeam redundancy differs significantly. Por
exanple, System A has no designed-in redundancy and will
fail whenever any one of the eight components fails whereas
System D has a significant degree of designed-in redundancy )
and will not fail as 1long as components 1, 8 and 6 or 7
dont+t fail or components 1, 8 and 2 or 3 and 4 or 5 don't .
fail.
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rigure 5.1 Systea A
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Pigure 5.4 Systea D
B. SCENARIOS USED POR EVALUATION
The tventy-seven different scenarios shown in Table XI
vere used in evaluating the three allowance determination
rodels for each of the four systeams iiscussed above.
Since <the Marginal Analysis and Availabilit models
explicitly comnsider component costs and MTBP as par* of the
allocaticen algoritha, the three models vere compared on

systeas ha
costs and

ving a range of variabilities in component unit
NTBPs. Any advantages offered by algorithams which
for cases in

consider aunit costs should be most apparent

vhich unit cost variabilities are high.
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TABLE XI

Test Scenarios

{Cases are defined in Pigurss 5.5 and 5.6) i
. 1008 Funding % 1 __73% Fumding & __ | _.30% Fundiag % __ i
FEianes verlance | Waflasls vazlance | FatimncSvarlance
Case A Case 1 Case A Case 1 Case A Case 1
Case B Case 1 Case B Case 1 Case B Case 1
‘casec case 1 | casec case1 | casec caset
case d case2 | casen case2 | casen case2
case 1 case 3 | cases cased | camen cased
case s case2 | case s case? | cases case?
‘case ¢ case 2 | casmec case2 | casec case 2
‘case s case 3 | case s cases | cases case s
case ¢ cise3 | casec cased | casec case 3

- D D D A AP A WD D D D T HED GBS WD WD A R W D D G W TD D P D G P Y D D P T D N D - G . -

¥ based on the budget for the Unconstrained .25 FLSIP
allowvance list
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advantages offered by algori%thms which consider «he MT3Fs of
the parts in the system should be mos*- apparent for cases in
which MTBP variances are high. SO0 as not to bias <+he
results inp favor of any given model, conparisons were also
made for cases in which the variability in unit costs and
MTBPs were 1lovw. The three different se®s of part costs
shown in Pigure 5.5 and the three sets of part MTBF data
shovn in Pigure 5.6 were eovaluated.

Part Yumber Case A Case B Case C

1 $150.00 $150.00 $ 50.00

2 151.00 200.00 490.00

3 152.00 108.00 590.00

4 153.00 100.00 500.00

S 154. 00 200.00 400.00

6 155. 00 50.00 50.00

7 156. 00 50.00 50.00

8 157.00 150.00 50.00

Hean 153.50 125.00 250.00
Standard

Deviation 2.45 59.76 217.12

Pigure 5.5 Part Cost Sets

Since the Marginal Analysis and Availability models are
designed to accomodate funding restrictions and the FLSI?
maodel is not, any advantages offersd by +the former models
should be wmost apparent for cases in which funding const-
raints are savere. So as not to bias the results ia favor
of the alternative models, comparisons were also mnade for
systess vwhere funds were adegqguate <*o fully <fund FLSIP
allowances. Thus, *the allowances provided by each model for
each coabination or scenario of part costs and MTBPs wvere
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Part Number Case 1 Case 2 Case 3

- AP el peh SRAPER W A 209090909092 2T e AP ap s 22 Avapup e el 000 ap b an an e e r
1 1,720 12,720 25,000
2 1.720 1,300 1,500
3 1. 720 2,000 750
4 1,720 4,000 750
5 1,720 3,000 1,500
6 1,720 9,300 7,500
7 1,720 7,720 7,500
8 1,720 18,720 2,500

Mean 1,720 7,270 5,875

Standard

Deviation - Q- 6,095 8,222

Pigure 5.6 Part HTBP Sels

determined for 100% (unconstrajned), 75%, and 50% funding
lavels. The unconstrained funding 1level was based or a
fully funded .25 PLSIP allowance for each scenario.

The parts required for a .25 PLSIP allowance to support
each system under each scenario were determined first. The
cumulative cost of <+hose parts wvas then established as +he
100% funding level. This 100% funding figure was *hen used
as a constraint to establish allowvances for each scepario
using *the Marginal Analysis and Avajilability models. Next,
the funding available was constrained to 75% and S0% of the
unconstrained PLSIP furding level for each systea and scen-
ario. Spares allowvances were determined by using each of
the three mcdels for a given constrained funding.

C. TEST RESOULTS

The results of running the TIGER simulations for the
four systeas and the 27 scenarios discussed above are shown
in Tables XII and XIXI. BRBach system was simulated over 1000
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missions (the maximum allowvable in “he TIGER siaulator). A

random number seed of 2222 was us2d for all simulations.
The results include both average availabili“y and instant
availability.

0f the three allowanc2 determination models, the avail-
ability model is the only one which considers system design.
The advantages of considering system design when compu*ing
repair part allowances are clear in *he example used ir
Chapter 4 (see Pigure u4.1). That system is referred %o irn
this chapter as the "B" systea. The cost da¢a and MTB?
correspond to cases A and 3, respectively. The allowances
computed by each allowance deterazination model for <+the "B"
systam are shown in Fiqurs 5.7.

Since the PLSIP system ignores configuration, i+t assignms
the highest number of spares (5 each) to par%* numbers 3 and
4 since they are expected to fail the most often and are
therefore assumed to reed the most suppor*t. Since the cos*s
of the parts in this system are almos* identical, +he
marginal analysis model essentially assigns spares (in this
situation) to these parts which are expected to fail the
mos* since that maximizes the number of demands that will be
£illed. This procedure results in almost <+the sam?
allovances as the PLSIP model.

The Availability model recognizes tha® there is a more
reliable parallel leg which can be supported aore cost-
effectively and therefore assigns no spares *o part nuambers
3 and 4, This action leaves extra amoney available to
provide additional support to the other non-redundant parts
in the system and results in a 10% iaprovement in system
availability over the PLSIP model allowances and an 8%
improvement in system availability over the Marginal
Analysis model allovances. The availabilities, both average
and instantaneous, listed in Tables XII and XIII are
89/91/98.
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20S* sirce that aaximizes the number of demands that will be
£illed. This procedure results in almost the sama
allovances as the PLSIP =model.

The Availability model recognizes that there is a more
reliable parallel leg which can be supported more cost-
effectively and therefore assigns no spares %o part numbers
3 and 4. This action leaves extra soney available to
provide additional support to the other non~redundant parts
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availability over the PLSIP model allowances and an 8%
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and instantaneous, listed in Tables IXII and XIII are
89/91/98.
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The cverall results of the Marginal Analysis model were

somewhat disappointing. For the data collected in Tables
XII and XIII, *+he Marginal Analysis model outperforaed the
FLSIP model only 37 of the time for average availabili«y
(FLSIP did better 43% of “he time and <¢they *ied 20% of the
time) and 31% of the *ime for instant availability (FLSIP
did better 16% of <the time and they tied S3% of the time).
It alsc achieved greater than 90% average availability only
46% cf the +ime compared to 50% of tha «ime for FPLSIP and
65% of the time for the Availability model. Because of the
relatively poor performance of this model compared +to the
FLSIP model, no furs her analyses will consider «he Marginal
Analysis aodel.

As would be expected, the improvements produced by the
Availability model over the FLSIP model are always great*er
in instant availabili+y than in average availability because
the Availability model was designed to optiaize instant /
availability. Hovever, the Availability model also 2always f
resul*ed in the same or higher average availability “har diqd
the PLSIP model. O0f course, in a given simulation, one
might cbserve <that the FLSIP model produces higher avail-
ability than does the Availability model jus* due to ckance
fluctuation. Indeed this happened for scenarios Case B/Case
1 for 50% funding, Case C/Case 1 for 50% funding, and Case
A/Case 2 for 100% funding under System A on Table XII.
Subsequent simulation runs using different randoa nuamber
seeds yielded the expected results with the Availability
rod el outperforaing the PLSIP model with respect to system
availability.

As shovn on Table XIV, <the level of part cost variance
has little influence on availability under the PLSIP model
while the level of NMTBP variance does significantly affect
availability. This is as expected since the PLSIP naocdel
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Allowances
Allovance &  =emc-ecscccecccoa- Sesescsccceo-
Deteraination Part Number
Model 1 2 3 4 5 6 7 8
FLSIP 1 3 5 5 3 1 1 1
Marginal Apalysis 0 3 5 4 3 1 1 2
Availability 2 S 0 0 5 2 2 u

Pigure 5.7 Allowances for Saaple Systea

does explicitly consider MTBP (through the demand rate) but
it does not consider part cc¢sts.

As shown oa Table IXIV, the par* cost variability has
some effect on systeam availability when the availability
model is used. However, the variability in MTBP's has a
much more significant effect. Since the systems evaluated
in Table XIV are fully funded systems, it appears *hat in
the Availability model the influence of MTBF variance and
systes configuration are much amore important in deteraining
parts allowances than part costs are when <the system is
relatively well funded.

Por both the PLSIP model and the Availability model, the
level of availability improves as *:he systems becoame more
redundant. The general improvement in availability as
systea redundancy increases is expected froa reliability
theory. As shown on Table XV, the percentage improvement
vith the Availability model 1is much higher than with %he
FLSIP nodel. This could also be anticipated since the
Availability nodel is an optimization model which would
increasingly enhance the reliability of a system as the
system became amore and more reliable i*self; while the FLSIP
sodel vould provide the samse level and type of support to
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TABLE XIV

Average Availability: Actual MTBF Used “o Compute Allowances

(100% Fully Punded Scenarios)

No Redun Low Redun
PLSIP Ava PLSIP AVa
NTBF D b ———  e=eeeee o=  eeceseaa-
Case 1 2 3 1T 2 3 1 2 3 1 2 3
part Cost
Case .
Case A 90 83 83 90 82 83 94 95 89 96 9% 98
Case B 90 83 83 90 85 84 94 95 89 96 95 96
Case C 90 83 83 ag8s a 94 95 89 97 98 a
Med Redun Bi ®edun
PLSIP AVA PLSI AVA
MTBP e mw eeser ceeececes cececce=e  eeeecaa—
Case 1 2 3 1 2 3 1 2 3 1 2 3
Part Cost
Variance Case
Case A 97 99 91 99 99 99 97 99 92 99 99 99
Case B 97 99 91 99 99 99 97 99 92 99 99 99
Case C 97 99 91 99 99 a 97 99 92 99 99 a

a - no optimal solution _could he found ! the JEE
aigog{tﬁl proqranngd for this research.’ E

all systeas regardless of how reliable the system might be.
This results in providing support ¢to coaponents for which
additional support is not needed at the expense (tradeoff)
of not having extra support in areas vhich could use it.
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TABLE XV

Percent Decrease inx Onavailabilit Lgipr.lsing Availability

Allovances Vice

Par*

Redun

o
GG UNNANE dEW QOWNUNE DR DOV~ i Q<IN

QOWVVYW EO® FDOOVWY EDOOUIONIUNID!
33

2%

90
73

Cost MTREP
Var Vvar Pund .
Case Case ) No FRedun Lov Redun Med Redun Hi
A 1 100 Same 28 47
75 Sane 28 69
50 Sanme 6 29
B 1 100 Same 28 52
15 3 30 80
50 AQE 8 68
C 1 100 RO P 41 57
75 10 82 87
1) q 54 95
A 2 100 8 3 695
75 9 46 69
50 a a 89
A 3 100 Sage 79 94
75 ) 60 93
50 4 55 35
B 2 100 10 12 78
75 9 27 78
S0 a a a
C 2 100 11 59 84
75 1 53 88
50 a a a
B 2 100 10 66 9y
75 12 49 92
50 3 21 94
C 3 100 NO PT NOPT NOPT
75 NOPT NOPT NOPT
Percent
Iaprovement % ] s ] X *
50 % 1] 0 10 45 21 91 20
75 € Q 0 2 9 15 65 16
90 X 0 0 0 0 8 35 8

a -~ PLSIP allowances could not be computed at
budget constraint specified

NQOPT -~ gg‘ogsigiibgglggiggdgiuld not be obtained
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Tha @1ETR ewzasm iz dagignasd 4o havae a 90% probabilis
of ro* runniag ou* of 2 specific part during a 90 day
mission. This part availabili¢y goal cannot be converted
directly *o an equipment availability goal; however it is of
interest to compare how often systeas vere available at

least 90% of the time under each model. As shown at the

bottom of Table XII for average availability, allowvances
developed using the .25 PLSIP @model achieved 90% avail-
abili«y only 50% of the +time while allowvances developed
using the Availability model achieved 90% availability 65%
of the *ime. Por instant availability, the .25 FLSIP model
achieved 90% availabili+y only 208 of the time while allow-
ances developed using the Availability model achieved 90¢%
availability 52% of the time as shown on Table XIII. The
Availability model shows its greatest advantage over FLSIP
for cases in which less *han 100% funding was available as :
shown in Pigure 5.8. i

Average Availability

R wh ab e @ W Gy @ WD W D P > o - -

Funding Level PLSIP Model AVA Model
100 € 89 ¢ 100 %
75 % 56 % 83 %
50 % 16% 68%

ances Achisved 90%

Pigure 5.8 Percontag’sol Times A %iiztn
Y

Average tea Availa

D. INACCURATE IRPUT DATA

One nmeasuare of interest wvhen avaluating wmathematical
nodels is the "robustness® of the models. That is, how well
do0 the nmodels vork when “here are deviations from <+he
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|
l assumptions uren which <he mnedels are dsrvived, This c23c%ion
! examines one such robustaess issue. The effectiveness
results of the <three models are compared for the hypothet-~
ical case in which the values dinput for *the MTBP parameters
are assumed to be in error. Sinula*ions were rua with tha
100% funded allovances wh2re the usage rate was assumed to
actually be <%wice as high (MTBP is half as high) as the
figures used above to compute the allowances. The results
of those simulations are shown on Table XVI.
As before, the effectiveness results are better with the
Availability model than wi4h the FLSIP =odel. Howaver, the
isprovement afforded by the Availability model is even f
greater when the MTBF values are lower as shown on Table
XVII. In the results summarized in Table XVI, only 17% of
the scenarios using PLSIP model allowances achieved an
equipsent availability of 90X or better while more %“han 44% j
of the scenarios using Availability model allowances
achieved the 90% criteria. The bet%er performance of the f'
Availability model in this situation is to be expected since
it will focus support on those items which are most critical
to the operation of the system at *he expense of those
components which are redundant. Then, since repair parts

are concentrated in the c¢ritical components, failures more
frequent than expected will not have as serious effect on
system availability in contrast *o the PLSIP model which
attempts to cover all the bases.

Repair parts allowances determined using the
Availability model often resulted in a smaller range of
repair parts being carried than under the PLSIP model. This
vas particularly true when a severe budget constraint was
isposed. Por example, the unconstrained .25 PLSIP allow~-
ances and the Availability allowances f£or System D with Case
B Part Costs and Case 2 ATBPs are shown in Pigure 5.9. Both
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TABLE XVII

Inaccurrte MTBF Data: Percent Decr2ase in Unavailabili+y

Percent Decrease in Unavailability Using
Availabili+ty Model Instead of PLSIP Mod2

Average Unavailabili+y

1

are

oSt MTBP

Vvar Var Fund .
Case Case ¥ No Redun Low Redun Med Redun Hi Redun

BOw e OB @Dw E@BOm S e o - - e s @ > - - - s an o oo - -y o an w - -

ST B+ 3 3
ame
C 1 188 NOPT 66 32 8y
A 2 100 Same 28 83 90
A 3 100 9 76 94y 96
B 2 100 9 10 87 91
C 2 100 11 55 92 90
B 3 100 S 48 95 96
C 3 100 NOPT Yop?T NOPT NOPT
Instant Availability

A 1 100 Same 4 1 9

B 1 180 Sanme 30 %1 9%
o 1 100 NOPT 71 78 96
A pi 100 Sanme 25 94 97
A 3 100 1 71 94 98
B 2 100 2 5 93 99
C 2 100 u 47 99 75
B k] 100 1 32 97 99
C 3 100 NOPT NOPT NOPT NOPT

NOPT - no optimal solution could be found uasing the
Availability foraula

of the above allowances cost axactly $1700.00. The FLSIP
allovance resulted in average availability of .9925 while
+he Availability model allowances rasulted in average avail-
ability of .9985; sc that slightly bester availability was
achieved with only half the nuamber 5f line items stocked by
the Availability model. This phenomenon is not peculiar to
this one case. The Availability model calculated fewer line
itemss than the PLSIP mod2l for every scenario ia which the




system being evaluated had any desigrzd-in cadundanczy. Ir
also calculated fewer line items than “he FLSIP model for
about one-*hird of <those sys*ems s#hich had no built in
redundancy. These results show that separate rangs and
depth <calculations are not necessarily needed in repair
parts allowvance deteraminz2tion models. The siangle criteria
used by the Availability wmodel implicitly excludes aany
items from range consideration by dassigning them an allow-
ance quantity of zero. The Marginal Analysis model reviewed
in this research does the same thing.

Part NYumber
Allovance Model 1 2 3 4 5 6 7 8

- anen wn Emow wn . e wn e w - anan Gwar wewwm @wmme wwew @wmew @ew oo

FLSIP 1 4 2 1 1 1 1 1
Availability 5 0 0 0 0 3 4 4

Pigure 5.9 Systeam D Allowvances




VI. SUMMARY, CONCLISIONS, AND 2ZCOMMENDATIQNS

- i e e —

A, SUMMARY

The NAVSEA TIGER simulation model was modified in this
thesis for use in evaluating threa allowance determination
scdels: +he PLSIP model, +*he Marginal Analysis medel, and
the Availability model. The PLSIP? model was origirally
included as part of the TIGER model so that FLSIP repair
part allecvances could auntcmatically be computed if desirced,
Subprograms were written for this <+“hesis so that repair
par+«s for the o*ther two models could au+omatically be
computed by “he TIGER amodel also. The modifications *o the
TIGER model made by Leather [Ref. 1: p.1] were utilized as
well as his recommendation €fcr convertiag BRF da+a into MTBF
data for use in the TIGER model. The allowance coamputations
and simulations were run on the IBM Sys*em 3033 located a+
+he Naval Postgraduate School,.

Four sample systems with varying degrees of designred-in
redundancy were used to evaluate the effectiveness of the
allowvance determina*ion models, Differernt combirat+ticns of
uni+ cost and MTBP da*a were also used %o evaluate the rela-
tive importance of thesa data elsaments in 2ach of the
models. And finally, diffarent levels of funding availabil-
ities were used to evaluate the robustress of each model
with respect to funding cons+*raints.

The effectiveness of each model for every system and
scenario was obtained at three funding levels. First, the
effectiveness of each model for each system/scenario combi-
nation vas deterained using a budget constraint equal “o the
cost of the allowances determined using an unconstrained .25
FLSIP model. Then the effectiveness of each model for each
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75% 21014
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sys+tem/scenari ccrbina%+isn was Adetermined asin

“Q

then S0% of “he original amount.
The effactiveness of the allowance deteraination models '

vas measured by the simulated availability of <the systeas
being supported. The measures of effectiveness used were:

Summat‘on of Uptime for
All Missions SLmula*ed

Average availability = e-ec—ovccemcccccronrm e c e --
Summation of Total !Lss;on Calender
Time for all Missions Simula<ed
. L. Number of Missions Up at Time (%)
Instant avallability = s-=eerc-ccccmncccomcccrnacamncocwos

Total Number of HlSSlonS Simulated

B. CONCLUSIONS

The Marginpal Analysis model was not found to be signifi-
cantly mcre effective than the PLSIP model and was decidedly '
less effective than the Availakility model from an overall
perspective. The Availability model was always at least as
effective as ¢the PLSIP model and it significan%ly outrer-
formed the PLSIP model where funding constraints precluded
100X funded PLSIP allowances and where the MTBF weres rsduced
by 50% to simulate a case 92f inaccurate failure rate data.

I+t wvas observed that changing the PLSIP cu* poin* is no*
an effective aethod for accommodating budget constraints in
systeas with mostly high failure rate components. The PLSIP
cut point is +the dividing 1line between those low demand
iteas which should be protected by an "ipsurance” allowance
and those which should not. However, if all or most of the
parts in a systea have high enough demands *o qualify foc
stocking on a demand based criteria, ther changing the FLSID
cut point will not effect the number of these parts carried
and therefore cannot be used ¢to acccaaodate budge*
constraints. Use of the Availability model is a much more
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effective pe<hod for accommoda*ting budget constraints in
~hase situa*ions.

There was no significant 3ifferernce in the effectiveness
of systems supported by PLSIP deterained allovances and
Availability determined allovances vhen “he system was non-
redundan*, As systea redundarcy ipcreased, the availability
improved for both PLSI? and Availability allowances.
Hovever, <the magnitude of the improvement was sigpificantly
greater with the Availability allowances.

Fully funded .2S PLSIP allowvances reosulted in 90% system
availabili+y only S0 of the t*ime 2aven “hough the repai:
parts carried should theoretically have been sufficien+t *o0
satisfy 90% of all repair part reques<:s. Availabiliey
allovances at the same2 1level of funding achieved 90%
availability 65% of “he time.

Repair part allowances determined using *he Availability
model often resulted in a swmaller range of repair rac+s
carried than 4d4id the PLSIP amodel. This wvas particularly
true when a severe budget constraint was imposed. Pinally,
the Availability model incorporates both a range and depth
capabili+y illustrating that separate range and depth
criteria are not <crequired in all 2llowance Jdetermina<ion
sodels.

C. RECCMMENDATIONS

1. Purther analysis of the Marginal Analysis model used
in this research is not jus+tified. Other marginal analysis
models may be better and could be investigated in the same
manner because of the ease in ob%taining and entering the
sinimal amount of data required for this “ype of model.

2. Systeam availability should be used as the measure of
effectiveness for shipboard allowanca deteramination models.
This would require that a "standari"® of effectiveness be
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31

efinzd. If ~he presesn® PLSIP syst2a neats *h2 esvzbhliche

availability goals then ro> further development o0f allowarnc

(1]

determination systems would be required, On the other Lang,
if the present PLSIP syste2m dces not meet* +“he established
goals, +*hen £further development of an improved allowance
determiration system would be justified.

3. The use of the Avallability model for deteranining
shipbcard repair part allovances should be further iavesti-
gated. The importance of the various variables in +he
Availabili+y model should be clarifiad. Por example, is an
improvement in repair ¢time more important thar an improved
set of repair part allowances or are actual repair times
really needed at all? The types 5f systems where avail-~
ability can be improved the most should also be determinad;
ia, systeas with mostly high £failure rate parts or low
fa2ilure rate parts, systems with many compcrents or only a
fev components, systeas with a lo* of designed irn rs2dundancy
or only a lit+tle redundancy, etc. The TIGER simulater could
be used to evalua*e thesz2 various factors on a de+ailed
basis. .

4. The TIGER simulator or an improved varsion of a
follow-on simulator should be used %o evaluate *he relative
impor*tance of the major factors in the shiphoard opera*ing
environment which influernce system availabilit*y (ie. inaccu-
rate MTRP reporting, configuration data, etc.). The TIGER
simulater is easy to understand and 2asy *o use. Once input
data has been prepared, an allowvance computation and simula-
tion of 1000 missions can be run interactively on an IBN
3033 in two +o six seconds of computer tiae, Por example,
it could be used to evaluate the effect cf having bad BR?P
data vhen computing shipboard allovances using the PLSI?
procedures +to see hov amuch eamphasis should be placed on
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obtaining better data. If equipmern+ availabilicy is rela-
¢ively insensitive *o inaccurate BRF data, then “he improve-
ment of data collection techniques can be ignored. 1f
equipmert availabili*y is seriously degraded when BRF data
is lower than actual failure rates, then *he develcpmert of
improved da*a collection techniques should be giver a high
priority. The TIGER simulator coull alsc be used to eval-
uate wha* other €factors in the 1logistics system ace nost
pertinent in achieving bhetter equipment availability so that
emphasis can be placed on developing allowvance determiration
models <+hat include those iaportant factors instead of
factors *hat are less influential.
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ARPENDIX A
ACRONIES

BRP Best Replacement Pactor

FLSIP Pleet Logistics Suppor+ Improvement Program
MTBF Mean Time Between Pailure

MTTR Mean Time To Repair

NAVSEAA Naval Sea Systems Command

POP Iten Population

spcC Navy Ships Parts Con*rol Center
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ARDENDIX B
AMENDED TIGER BRQGRAN INPUT REQUTREMENTS

The punched cards or card images discussed in this
appendix aust be input to utilize the NAVSEA TIGER program
as amended for this research effort. A complete printout of
the amended program is provided in Appendix C,.

n




card Ivype 1. Availability Model Processing Cards.

The Availability Model Processing Cards control the order in
vhich ¢he various parts in a systea will be combined ¢to
compute optimal repair part allowances for the system when
the Availability Mcdel is being used. The first step in
preparing this card is to «complete a systea vreliability
block diagram similar to Pigure B.1.

T
L2
Damtuin g bt
b=t -
et 4 .
---I 3 ‘----
o=t
TR I
- e
| |
o=t b
HO o
...... ’!‘ 5 -...._-‘ 6 I- -
!
o = ——

Pigure B.1 Block Diagras Exaaple

Once an accurate reliability block diagraa has been
prepared, the systea availabilities resulting from combining
all the individual parts sust be coaputed. This is done by
starting with tvo parts and progressively combining
additional parts until all of <the parts have been coabined.
To properly prepare the Availability Nodel Processing Cards,
the systea aust be analyzed <to detersine howv the individual
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components can be combined so that there are never mcre +than
tvwo sets of parts coambinations.
the systea in Pigure B.1 could be coabined in the following

mapner:

Combination

Next Combipation

Nex+t Coambinaticn

Combination

Next Combination

Next Coabination

Nex+ Combination

#1

1

#1

#2

1

$2

1

®Part 2)

FPor example, the parts in

and (Part 3)

Previous Coambination #1 and

(Part 1)

(Parts 2,3) arnd (Part 1)

Previous Combina*ion #1 and

{Par< 4)

(Parts 1,2,3) and (Part 4)

(Part 5) and (Part 6)

Previous Combination #1 and
Previous Combination 32

(Pacts 1,2,3,4) and (Parts 5,6)

(Part 7)

aad (Par+ 8)

Previous Combination #1 and
Previous Combination #2

Parts 1,%{3,u,5,6) and

Parts 7

73

’

i St e s . - it




They cculd not be combin2d in the following manner even
though the parts combinations are appropriate Lecause the
use of three combinations is not allowed:

Combination #1 = (Part 2) and (Part 3)

Next Combination #1 = Previous Combination #1 and
(Part 1

= (Parts 2,3) and (Part 1)
Next Combination #1 = Previous Coabination #1 and
(Parct u)
= (Parts 1,2,3) ard (Par*t 4)
Combination #2 = (Part S) and (Part 6)
Combination #3 = (Part 7) and (Part 8)

Next Combinration #2 = Previous Combination #2 and
Previous Combination #3
= (Parts 5,6) and (Parts 7,8)

Next Combination #1 = Previous Coabination #1 and
Previous Combination #2

Parts 1,2,3,“; and
Pazts 5,6,7,8

Once an appropriate flow of combinations has been
determined for a system, the worksheet shown on Figure B.2
should be prepared. The first spares to be combined will be
shown next to coabination 10t. In addition, wvhether they
are to ke in series or parallel aust be ccded and all the
parts included in the resulting combination should be
specified. The next 1line will show the part nuamber or
cosbination nuasber for the parts being coabined in that
step, whether they are in series or parallel, and which

7%
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Pigqure B.2 Availability Model Processing Card Worksheet

parts end up being included in +that combination. This
process is coptinued until all parts are included in the
last coamkination. An exaaple of a worksheet filled in for
the proper combination of parts in PFigure B.1 discussed
above is shown inr Pigure B. 3.

An individual Availability Processing Card must +then be
prepared for each 1line on the worksheet (in the format
provided below). The cards aust be input in the same order
they appear on the worksheet. One additional card must be
added at the end of this deck which has zeros in coluans 4,
8 and 12 to signify that all cosbinations are coaplete. If
the Availability model is nct being used, these cards can be
left in the input data or only the last card with the three
zeros can be inpat.




Comb Part or Part or Ser (1 Parts
# Coabin Coabin Par{O‘ Included
Tvor T 2 T 3T T T T
102 101 1 1 1.,2,3
103 102 4 1 1,2,3,4
104 S 6 1 5,6
; 105 103 104 0 1,2,3,4,5,6
106 7 8 1 7,8
107 105 106 1 1,2,3,4,5,6
7,8

Figure B.3 Example of Worksheet

The format and content of the individual cards are shown
below. Note that only the 3 aiddle columns of Pigqure B.3
are entered. An example of the cards prepared from Figure

B.3 is shown in in Pigure B.4.

Variable ..
Columns Format Name Description
1-4 I4 J The first of two parts or

combinations to be combined
for determining optiamum |
conbinatior of spares using
the JEE algoritha.

5-8 I4 K The second of two parts or
combinations, to be ¢ombined
for determining optimum
combination of spares using
the JEE algoritha.

9-12 I4 SER gggicates vhe&:gg %ggsszgggns

ng compare
are in series (set SER = 1b’

or in parallel (set SER =
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Card Columns:

123456789

101

102

1

103 104

1

105 106

Cards for Worksheet in Pigure B.3

Pigure 3.4




m

’ Card Tvze 2. Ailiowance dciazi cCard.

T Dt n S ey tip . o v -

IH
in

This card is used to determine which allovance determination
model is to be used
budget data.

are shown below.

to compute repair parts and

The format and content of the individual cards

to ipput

An exaaple of this card for the system in
Pigure B.1 for PLSIP processing and a budget of $3,000.00 is
shown in Pigure B.S.

Variable
Name

Format

Colunans

Description
1-4 I4 NTOTA Total number of parts in the
systea (must equidl number of
cO0st cards entéred below).

If cost cards are not %o be
entered, use 1 in card coQluan
4 and include 1 cost card
with a $1.00 cost.

Used t> select type ¢of
affowance &eternxgatgon
systam as follows:

F4.0 XFLAG

- ") 0" €or

- "1.0" for
Analysgs

- n2.9" for
Budget to b
tion

computatio
allovwed is

9- 16 F8.0 BUDGET

e
s
$

PLSIP t‘

Marginal

Availability

used for
Max budget

99,999,999.00.

Card Columns:

11111
12345678901234

8 0.0 3000.

O Va
O Owm
-
[ + JO'
(V- Py
[=18)

Pigure B.S Allovance Model Card

Example
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ard Tvpe 3. Co
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A separate Ccst Card must be en+tered for each part ip the
format specified belovw. An example of *these cards for the
system in Pigure B.1 is giver in Pigure B.6.

Variable ..
Colunns Format Name Descrip+tion
1-8 F8.2 Cost cos+ of eacg air part
Costs mus* e ifiput In the

same order as equlpment type
nuubers on Eiulpmen* Type
cards. Total cards amust equal
NTOTA on Allcewance Modlel
Processing card. If _cos+ data
is no* *o " be evterod use cne
card with a cost of $1.00.

Card Coluans:

—l

123“567890 23 gg;g;g%
100.00

100.00

150.00

500. 00

2000.00

50. 00

300.00

1000.00

Pigure B.6 Cost Card Examples
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The total mission <time and the maximum number cf sparss
allowed for each repair part must be input in the fcrmat
described below. An example of a JEE Data card for <he
system in FPigure B.1 is shown in Pigure B.7 using a 90 day
mission time (90 X 24 = 2160) and a maximum number of spares
equal to nine.

Variable .

Coluans Format Name Descrip+tion

1-8 I8 JTIME Total Mission Time,

8-12 I4 TOTSPR Total number of spares for
which availability is +c be
computad using the
avallabzlzt{_model. Max is 9.
If Availability model is not
to_be used, insert 1 in cari
colamn 12.

N |

Card Columns: }
11111111112222222222333333333344444844444555 ]
1234567890123456789012345678901234567890123456785012 '
2160 9 :

Figure B.7 JEE Data Card Exaample
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The number of timeline 3iterations to be used and +the zun
identification dat*a for <%he specific run being malde are
shown on *his card. A timeline itera*ion of one was used
for all the siaulations done for this research. Additional
information for using amore *han one timeline itera+ion nmay
be fcund in refernce 4, section 2. The fermat is described
below. Ar example of a Timeline TIteration Card £or <the
systea in Pigure B.1 is shown in Pigure B.S8.

Variable L.
Columns Pormat Name Descrir<ion
1-4 T4 JCC Nuaber of timeline _i%erations
to be run for the da%ta deck.
5=-80 19A4 RONID Aéphagumeric run .
i1dentificat.on informatiomn.
Card Coluans: —1
T111111111222222222233333333334004440844484555 |
1234567890123456789012345678901234567890123456789012 ;
1 .25 PLSIP RON POR SYSTEM Bt ON 5/20/82 i

Pigure B.8 Timeline Iteration Card Example
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card Tyne §. Statistical Parameter Cazd.

Statistical parameters for the run are entered on this card.
If a predefined fixed number of mwmissions is *o be run, set
PL = 1.0 and YNOPT and NMAX to the desired number of
aissions. All simulations for this research were run with a
fixed nusber of 1000 missions. If what is desired is to
deteraine wvhether a system neets a certain level of
reliability, ¢that level can be specified in the PL and XK
blocks and *he simulator will ruc an adequate number of
aissicns to deteraine whether the system will ameet or fail
to meet the specified reliability (PL) wi4hin the s+tandari
deviation specified (XK) [Ref. 4: p. 2-7]. An example of a
Statistical Parameter Card for use with the systea in Pigure
B.1 is shown in Pigure B.9.

Variable L.
Coluarns Format Name Description
1-4 Iy NmaAX Maxiasum number issions
to_be run (shouig ge fn
multiples of 50 and must no*
exceed 1000).
5~8 I4 NOPT Optimal number of missions
(not to exceed NNMAX).
9-12 P4.0 PL Specification requiremen+ for
reliability.
13-16 F4.0 IK Standard deviation *o be used
. in calculating lcwer coatrel
limit. A value of 1,28
corresponds_to ,a 90% lowver
confidence limi+,
17-20 I4 ISEED Randoa number seed.
21-24 I4 NPH Number of ghase types - not
to exceed 6.
82
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Statistical Paraseter Card Bxample

Pigure B.9

1
12345678901
-10001000 1.01.282222

Card Coluamns:




Card Type 7. Phase Tzpe and Dugation Cards.

This card is used to specify the number of phase “ypes and
how 1long each 1is to last. The phases can be used <o
identify different scenarios. Por example, for simulating
shipboard operations: one phase can represent in-por+
pericds, another can represent normal steaming operaticns,
and a third can represent bhattle engagement periods. The
repair cption for each part can be different in each phase
as specified on Card Type 10 and the Duty Cycle Utilization
of each part can also be different during <¢ach phase as
specified on Card Type 12. Prom 1 to 95 phase sequences of
not more than six phase types can be specified on these
cards. The format for this card is described below. For
this research effort, a single phase lasting 90 days (2160
hours) was used for all simulations. An example of *his
type card is shown in Pigure B.10.

Variable

Columns FPormat Name Description
1-2 P2.0 XXT(1) Phase type number for first
simulation sequence,
3-10 F8.0 XXT(2) Duration of first sequence.
11-12 F2.0 XXT(3) Piase type number for second
simulation sequence (if any).
13-20 F8.0 XXT(4) Duration of second phase.
21-22 F2.0 XXT(S Phase type number for third
(3) sgnulat16n sequence (if any).
23-3. F8.0 IXT(6) Duratiosn of third sequence.
31-32 F2.0 XXT(7) Phase “yve number for fourth
simulatidn sequence (if any).
33-40 F8.0 XXT(8) Duration of fourth sequence.
41 42 P2.0 XXT(9) Phasi tIge number for fifth
simaulation sequence (if ary).
43-50 F8.0 XXT (10) Duration of fifth sequence.

Note: If nor§ than 5 phase sequences are needed, continue
on additional cards using the same fields. No more
than 95 phase sequences are peramitted.
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Phase Type and Duration Card Exasple
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1
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Card Columns
123456789
1.2160.

Pigure B.10




card Type 8. ®%%%2 flank Card **s3s o
card Iype 9. Printout Option Cazd

This card is used to select which printout option is to be

used. The format is as follows.

Variable ;
Columns Format Name Descrip+tion ]

-—— - -y - ——— e - - apyad e o > - - G D P D D D D AP D - - D W e -

-4 I4 KOPT Printout option switch
= 1 for management summary
= 2 €or engineerinq summary

fo ete d tails
(use ebugg ng only)

gngg*sgggress printout of

Rs"Va2L3EEEL BEfpyous using

g for TIGER/MANNING coamplete
etalls (debugging onl yf

i Rotded (oeleRtise®iesve fR"cIhfifofl2uipg ontput options
5~-8 I4 KS (1) = 1: Input data

9-12 I KS (2) = 1: :ggé nangagoggeat time of
13-16 I4 RS (3) = 1: down ¢time at end of phase
17-20 14 KS(4) = 1: abort messages

21-24 T4 KS(5) = 1: all events

5-28 I4 KS (6) = 1: ETINE amatrix

29-32 Iu KS (N = 1: not used

33-36 I4 KS (8) =z {: not used

37-40 I4 KS(9 = 1: not used

41-44 I4 KS(10) = 1: system & subsystem status
45-48 I4 KS(11) = 1: TIGER/MANNING debugging
49-52 14 KS (12) = 1: status of all groups

53-56 I4 KS (13) = 1; downtime message




Ccard Type 10. Rhage Repaiz Cazd

this card is used to specify <tha repair option for each
phase up to a total of six. The format is as follows:

Variable

Columns Pormat Name Descrmption
-4 I4 IFLAG( Re ai' option for each phase
(1) g pto 9% P
= 0 {f on-board repair allowved
} the phase P
= 1 if no ¢n-board repazr
allowed in *the phase
= 2 if og- ard epair allowed
but ga-gure inggbi e%
Is IPLAG(2)
I4 IFLAG(3)
Ia IPLAG(4)
Ia IPLAG(S)
I4 IFLAG(6)

e a0




¢ard Type 11. Repair Policy card. (

This card is used ¢to establich repair policy for the
simulation being run. REPOL determines what percentage of
repairs will be made at the shipboard level as opposed %o
the intersediate and depot level. Since this research
evaluates shipboard support only, REPOL was set equal to 1.0 f*
for all simulations.

A part can be allovwed to fail for a certain period of ¢ime ‘
before its failure causes the system to be in a down status L
by specifying an allowable downtime in the TAD2 field. Por
this research, all uwmissicn allowable dovntimes were set

equal to zero.

Specified MNTBFs and MTTRs can be changed for a given
simulaticn run by using a value other than 1.0 in %*he XM and

XT fields. ;
The format for the card is: *L
Variable L.
Columns Foraat Name Description
1-4 P4.0 REPOL Decimal fractign of repairs
to be performed ahoard ship
5-12 P8.2 TAD2 Mission Allowable Downtinme
13-16 P4.0 b 4. | MTBP Multiplier. Default = 1.0

17-20 F4.0 T MTTR Multiplier. Default = 1.0




Card Ivpe 12. Eguipment Type Cazds

Equipasent type cards ara used to input the specific

parameters for each <type of equipment (repair par+t) being
evaluated. A seperate card must be inpu* for each type of
equipment. The TIGER simulator can accomodate various
equipment operating rules and variable 4duty cycles for each 4
piece of equipment (these options were not utilized for ¢this

research). A detailed discussion of these items can be

found in Reference 4, chapter 2. The format for these cards

is provided below. An example of these cards for the systenm

in Pigure B.1 is shown in Figure B. 1%,

Variable L.
Colunns Pormat Nanme Descrip¢tion
1-4 I4 I Equipment type numbers-should
° bg agsggnedygequentgaily
startiag at 1, nct to exceed
5=-20 4y 1 Equipment tyve description ﬁ
2t1-28 P8.0 INT BF Mean Time Between Pailure
29-~32 F4.0 IMTTR Mean Time to_Repair/replace
Non-regalrable 1s indicated
by 9999.
33-36 P4.0 g Duty cycle utilization (non-
zerd dacimal fraction.
37-40 4.0 v Administratiye delay time from
tender to ship
4t1-44 P4 .0 W sdninistrative delay time from
epot to ship.
45-48 I4 I0I Used for variable Juty cygcles.
See Reference 4, chap{erys %or

an explanation.




Card Coluans:
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Exaaples of BEquipment Type Cards

Figure B.11




Card Ivpe 13. VYariable Duty Cycle (¥DC) Card.

This is an optional card. It is used if variable duty

cycles are used. See chapter 2 of Reference 4 for details
of its use.

card Iype 16. Yapjable Nean Iime to Repair Card.

This is an optional card. It is used if variable Mean Tinmes

tc Repair are used. See chapter 2 of Reference 4 for
details of its use.

card Iype 15. @*#€2® plapk Card 29¢3%

9
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Card Jvype 16. Equipment Cards.

Bach individual piece of equipment (repair part) in ¢the
systems bPeing evaluated must be given a unigue number ¢to
identify it. These cards identify which equipment type each
specific equipment (repair part) is. There must be one cari
for each equipment type and they mus*t be input sequentially
by equipment type number in the format specified below. Por
this research, the aspects of spares sharing wvere not
considered because the calculations developed by JEEB
{Ref. 31, are different for scenarios wvhere spares are
shared. To use the Availability maodel developed for this
research, each equipment number must be assigned its own
equipment <*ype even if the parameters for two or more
equipments are identical.

Variable

Columns Format Name Descriptioeon

-4 I4 NTYPE The * T iated
ot tIRS B4aPRR.atsee2ied,
the next field or fields.

5-8 I4 LOAD(1) Equipment numbers of those
equipment which belong to the

9-12 I4 LOAD(2) designated equipment fype =
up_to 19 equipment ger cagd

13-16 Is LOAD(3) (if_ thare are more thap 1
equipment associated with_a

17-20 I4 LOAD(4) given tyge, use additional
equipeaiit cards and repeat the

21-24 14 LOAD(5) same type number)._ The largest
egulpnent nupber allowed b

25-28 Iu 10AD(6) +the prograa is 500. The total
nuabher 4f equipments mus* not

29-32 I4 LOAD(7) exceed 500. No gaps are
alloved between equipment 1

33-36 Iy LOAD{8) and _the largest assigned
equipmen+ nuamber.

37-40 I4 LOAD(9)

41-44 I4 LOAD(10)

45-48 I LOAD(1 1)

49-52 14 LOAD(12)

53-56 I4 LOAD(13)

57-60 I4 LOAD (1 4)

61-64 I4 LOAD(15)




65-68
69-72
73-76
77-80

Dy e o

Iq
I4
I4
Iq

LOAD(16)
LOAD(17)
LOAD (18)
LOAD(19)
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capd Iype 17. ®sase=® plank Card 3csce

i R ——— 0

card Iype 18. Spares Model ca:ig.

This card 1is used %o specify whether spares will be input
directly or whether spares will be computed using one of <the
allovance deteraination models. The options for +his card
are:

a) Use “he 1literal "Unliaited Spares" in coluans 1
through 16 to simulate¢ unlimited spares. The program +han
assigns 90,000 sparec for each equipment or repair part.
This cption was not used during this reseacrch.

b) Use a blank card if spares are going to be specified.
Then input the desired number of spares for each equipment
or repair part on the spares cards which follow. {(This
option was used to simulate the use of inaccurate NTBF data
by computing allowances with one set of MTBF data and *“hen
specifying those allowvancss using <+his option and inputting
dif ferent NATBF parameters for comparison.) If spar=2s have
been specified ard the effect of using a 1iffereat level of
support are needed, *this ef fect can be obtained by inserting
a spares multiplier (SX) 1in card columns 21 to 24 of *=his
card. The program will <*hen use *he number of spares
assigned times the spares multiplier specified.

c) Use "399.,m in columns 21 to 24 to use the allowance
deterasination model specified on the Allcwvance Ncdel card
{Card Type 2).
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¢azd Iyee 13. sSpares cazds.

These cards are only used if the allowances for spares are
going to be specified exactly (columns 1 through 16 of the
Spares Mcdel card sust be eapty and columns 21 through 24
nust have something other than .999). One of these cards
must be input for each equipment type being used. These
cards aust be input in order starting with Equipment Type 1
in the following format:

variable .

Coluans Pormat Name Descrip*ion

1-4 I4 ISPARE(1) Nuaber of ogganézational level
spares (on ar for the
equipment type.

5-8 I4 ISPARE(2) Nunber of spares at the tender
€or the equlipment ¢ype.

9-12 Ia ISPARE({3) nber °§ pages at tke base

epot) or e equipaent type

pur-rewag




v

NOTE: Por each phase “ype, a set of *he remaining cards
(except the optional output and demo decks which
appear once) must be placed consecutively in the
data deck.

2112772777777 87 7727 0/7777 207/ 77/7777 7777 7777/7///7/77//777

R separate reliabili+y block diagram must ke prepared
for the simulation runs or the TIGER simulator. I+ is
different than <the reliability block diagram previcusly
discussed for Availability model processing bhecause it does
not have to relate conly two groups at a time. For the TIGER
simsulatoer, equipments must be aggregated 1into systeas,
subsystems, and groups. A system is a set of equipments for
which availability is being measured. A subsystea is a set
of equipments vhich, if the set fails, will cause the systea
to fail. A group is any set of equipments.

Por the reliability block diagramn for the TIGER
simulator, each parallel subset of equipment and each series
subset are assigned group naambers. For the example shown in
Pigure B.1, the groups could be as shown Dbelow. Group
numbers sust be between 501 and 1000 and are arbitrarily
assigned below.

Group Number Rquipments in Group Series/Parallel
501 2 and 3 Parallel
502 5 and 6 Series

503 7 and 8 Series




onces satk s

been assigned a group number, the iden¢i

aggregated into
series

equipments in Figure B.1,

like those shown

Group Nuaber

601
701

888

This prccess is continued un+il all

and these

nhazer A€ =g wall A=
the s PR el I i J

groups of groups
groups are

below.

Equipments in Group

1,4, and 501
502 and 601

S03 and 701

Qr

which are in

assigned nusbers. For the

the

I

‘a2 argwiamareés haco

ied groups are ‘hen

parallel or

the next se* of groups could look

Series/Parallel

Series
Parallel

Series

parts in the systen

can be identified in omne group (known as a subsystem group).

The subsystea
equipment which

groups are the:n

are in series and

nuaber (known as the systea group).

$ 701 would be a

subsystem group and

be composed of subsystea group # 701

S03.

Por illustrative purposes, the
assigned Group number
relationships into

888.

card types 20 through 23.

97

with
assigned a

coabined

any remaining
final group

Por our example, Group
the system group would
and the series group #*
system group will be
The method for
the TIGER simulator are

inputing %<hese
discussed under
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Exaaple of Systeam, Subsystem, and Groaup
Nasbéring

rigure B.12




Car
=t -0

5

Izze

o

N, System Caczi.

e

This card is used to identify the different systems being
evaluated. The format for +this card is as follows:

variable .
Coluans Porsat Name Description
1-4 A4 ID n ic (ig. th
ilzergf Sg %5 ué 3 ®
i1dentify the spec1f1c systen
5-8 Ie LL Phase type_number (sequential
ge naxygalue is } 1 )
9-12 Iu NSS Number of subs s*ens -n hase
(var?es only f% g
13-16 I4 1SS stel identification number
sua ly fas* oup nuaber on
the conflgura on matrix
cards).
17-24 8.0 SSTIME 3gstel allovg ustatneg
vn time not ess

than subsystan TAD1 values),
Should be  less than eor equal
o TAD 1r epair policy card).
9 inhi 3t aborts use’a value
£ 100,000

Orictr

An exasple of the System Card for the system in Figure B.12
iss

P O DB D DD D A A D " " -, D - " - - P D - - - - - - +

Card Columns:

SYST 1 1 888

P B D P S D D "D - WD DD D D DD DD G " - - R ] - ar . .- w - -
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card ivype 21. 3ubsysiem Cazds.

This card is used ¢o identify the different subsysteams being
evaluated. The format for this card is as followvs:

Variable .
Coluans Foraat Name Description
1-4 A4 ID Aaz alfhanunerlc (ie. the
litera )
5-8 T4 LL Phase type nuamber.
13-16 14 ISS Subs;sten identification
numb his 1s a group

number for a_group defined on
a conf *g uration masrix card
(see below). Bach designa+ed
Subsystea group amust be a
group *that, upon lts failure
Causeés the system to fail.

17-24 8.0 SSTINE(2) gubs stenm al%?vabln sustained
lue This value
should be less than or equal

¢0 SSTINE on the system card.
To inhibit aborts ise a value
of 100,000.

An example of the Subsystaa Card for the system in Pigure
B.12 is:

G - B > > > > W — - - - - - - - - -

Card Colusns:
11111111112

12345678901234567890

5951 1 701 0.

P PO BOPED D @D M W DD AW B A D DD D D DD D S D " - - - anan @ e > - - P
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aris,

ard Type 22, Cenfigura*=ion Ma*riyg
g 1¥DE <2 Leniig =z2n

[[@]

TL.s card 1is used to identify the different groups in the
systeas being evaluated. The forma* for these cards is as
follows:

Variable L
Coluans Foraat Name Description
-4 I4 NRO The nuab of members in the
group Eegine on this cara
hat are required to be
ogerat:onal and in an up
state.
5-8 I4 IB(1 The group nymber assign +
(’ tge Tou og nembers e?gne
on this card. It may vary
from 501 to 1000.
9-12 I IB(2 The numbers of the equipmept
(2) ang grgugs uhfch makg u§ the
13-16 T4 IB (3) roup defined on this card.
he max cunbe{,ot members in
17-20 I4 IB(4) & group is unlimited; however,
if "there are asore than 7, a
21-24 I4 I8 (5) continuation card is required,
vhich is of the same format.
25-~28 14 IB(6) The number reguired and master
groug ngaber aust be identical
29-32 I4 IB(7) on all continuation cards,
33-36 I4 1B (8)

An example of the Configuration Matrix Cards used for the
systea in Pigure B.12 is:

PO M D B B D D R S D S T G <P T G = WD D S W e - - - - - - +

Card Columns:
12305678901 334587 8351334567 4831339387830 1334567893 3
1501 2 3
§ 33% 3 8
% 9 } 50} 60?
oo~ — - - - ceccocencs ceecnacccrcnnecccawd
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card iype 23. Eduipmspt Operatipg Bule Cacrds.

Operating rules can be specified which will ¢turn selected
equipments on and off in predetermined situations. These
operating rules were not utilized durirng this research. All
equipments ran all of the time except when <they were
inoperable. A detailed discussion of the use of this cption
can be fcund in Reference 4, chapter 3.

Card Iype 24. #2%%%% plank Card $%e¢?
Card Iype 25. 9Qptional Qutput Card.

Optional output %tables can te selected by using this card as
shown below.

Variable ..
Columns  Pormat Nane Description

P, Y

-4 A4 SPRS Place a alphanymeric (ie. :
“SPR") gg t%gs fgeld iﬁ(a '
table of spares usage is
desired.

5-8 A4 APPL Place any alphanumeri ie.
"APL"™) ig t%gs fgelg,gf(a
sumnary tadble of equipment
that caused mission failures
and system downtimes is
desired.

9-12 Al GHNHNA Place any alphanumeric (ie.
"GHA") 1n thls field if the
gauma dis+ribution output is

asired.

13-16 Al DEMO Place inzna%gggngzgi&ciéig.

nDENO")

sequential probabilztg ratio
test plan for the system being
1nalyzed is desired, If this
ogtion is excercised, an
additional card, 26, is

required.

102
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x E— S M oy
o e vy, e . . . Ve vV

Cazd Iype 26. DEMO Izformatio: C3

[o
e

This card aust be included i1£f DENO is specified on the
Optional Output Card. A detailed discussion of <he DENO
Option is provided in Reference 4, chapter 3. The format
for this card is as follows:

Variable .
Columns Foraat Name Description
-4 P4.0 A Producer Risk.
5-8 4.0 B Consumer Risk.
9-12 *4.0 R Discriaination Ratio.

The following are optional inputs.

13-16 F4 .0 HAD X-axis accept intercept (Delta
17-20 F8.0 HRD I-axis reject intercept (Delta
21-24 F4.0 YD Trucation line accept (Delta)

25-28 F8.0 SLD Slope (Delta)

29-32 Iy KD Truncation line reject (Delta)
33-36 I4 ITINE Number of sets

37-40 I4 ITER Number of simulations per set

41-40 Ia N Randoa nuamber initializer

The total input required for the systeam in Figure B.12 is
shown in Pigure B.13.
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APPENDIX D
TIGER EROGRAM QUTPOUT EXAMPLZES

The TIGER simulatcer produces both standard and optional
out puts. The various options are discussed in Appendix B
under *he Printout Option Card. The optional output used
for *his research was the ranagemen*t summary printout. It
first displays most of the user's input, <the allowance
determination model wused *o compute repair part allowvances
(if one was used), and the number of repair par¢s being
used. An example of +his outpu* is shown in Table XIVIII. A
detailed explanation of the entries on Table XVIII is
provided in Reference 4.

The TIGER simulator then prints a message every time <he
system goes dowvwn indicating which components are down and
vhen they will come back up. An example of this ou+pu* is
shown in Table XIX. A detailed explanation of the entries
on Table XIX is provided in Reference 4. Since this portion
of the output was voluminous and ns%t useful for analysis
during this research, it was suppressed.

The TIGER simulator then prints the cumulative measures
of effectiveness for the systeam af*er each group of SO
missions has been simulatel. An exanmple of ¢this outpu* is
shown in Table XX. A detailed explanation of *he entries on
Table XX is provided in Reference 4. Since *his por+tion of
the output wvas voluminous and not useful until all
sinulations were completed, it was sappressed until the las®
mission siaulation was coapleted.

The TIGER simulator then produces %*ables which summarize
data about specific equipment failures, the number of repair
parts used, and critical equipaments. An example of this
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outobut is shown in Tabis {¥I. 1 Ja+tailed =xvlazavicn cf *us
entries on Table XXI is providaed in Referernce 4.

TABLE XVIII

Sample TIGER Model Jutpat

1
90 DAY .25 PLSIP EVALOATION OF SYSTEM Z
IXXXXXXXX XXX XXXXXXX TIGER XXXXXXXXXXXXXXXXXXX
x NAVSEC 6112 LUETJENeNANDELe+VAIL+ALLEY#BRORN xx
XNPS IBH/360 VERSION LT, J. LEZATHER THESES 9/80xx
xAS AMENDED BY LCDR. 5.J. Q'REILLY PHESES 12/81xX
RANDQM SEED IS 2222
1888 S6807°1288° 1.26 2222 1
PHASE SEQUENCE TYPE _DURATION _CUN TINE
1 1 2160.00  2160.00 |
, 1 0000000000000 :
1.00 0.0 1.00  1.00 4
YPE NASE MTRF R c 71 ApT
2 ITEM B 172000 10000 12000 Q0:0 0. f
5 ITEs ¢ 3000:0 10000 12030 0.0 0l0
TYPE EQUIPMENT
1" 5% 0 0 0 0 0 0 0 0 0 0 0
2 2900009009 000000
3 3 0 0 06 6 0 9 00 0 0 0 9

SPARES WILL BE DETERMINED WITH MARGINAL ANALYSIS
BUDGET IS 850.

THE COST OF ITEN 1 Is 200.00

THE COST OF ITEM 2 Is 50.00

THE CCST OF ITEN 3 Is 100.00

ALL SPARES HAVE BEEN COMPOTED

SPARES %!PE SB%P TERDSR 8582

3 3 : 3
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TABLE XIX

Mission Abort Printouts
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Y 1]
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Y ]
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TRBLE XXI

Suamary Tables

EQUIPMENT F Lg

Al AND CORREZ AINTENANCE SUMMARY
EQUIP NO. TYPZ TOTAL ESUIP. G NO FAXLURES AVG CM MANHOURS
PAILURES PER MISSION PER MISSION
1 1 782 2.607 312.800 !
2 2 583 1.943 9%.167
1365 4.550 409.967
AVERAGE NUMBER OF SPARES USED PER MISSION
SPARES SHIP TENDER BASE USED
TYPE STOCK USED STOCK JSED
1 5 2.56 0 0.0 0 0.9
2 4 1.90 0 0.0 0 0.0

90 DAY .25 PLSIP EVALUATION OF MODEL SYSTEM ;
CRITICAL EQUIPMENTS j

UNAVAILABILITY AND
PERCENT OF UNAVAILABILITY

NANE NOM HRS UNAVA PERCENT EQU TYPE  EQU NUM f
ITEN A 86123.3125 0.1329 69.86 1 1
ITEN B 3426225997 0.0523 27079 2 2

90 DAY .25 PLSIP EVALUATION OF MODEL SYSTEM
CRITICAL EQU IPMENTS

UNRELIABILITY AND
PERCENT OF MISSION FAILURES

DESCRIPTION NQ, U NREL PERCENT EgUIP EQUIP
PAILURES YPE 0.
}
ITEM A 171. « 5716 57.74 1 1
ITE® B 12%.? 8.“183 42.25 2 2
TOTAL NO. MISSIONS = 300
TOTAL YO. MISSION FAILURES = 297
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